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ADAPTIVE CONTROL METHOD FOR 
OPERATING COMMUNICATIONS ENVIRONMENTS 

FIELD OF THE INVENTION 

The present invention relates, in general, to an operation of a communications 
environment wherein communications resources provided for a first communications 
standard are utilized for communications according to a second communications 
standard and wherein the use of the first communications resources for communica- 
tions according to the first communications standard is controlled in dependence of 
communications to be performed according to the second communications standard. 
In particular, the present invention particularly relates an operation of different 
communications environments in a common frequency range and, in particular, to 
TDMA based communications such as used in a GSM/GPRS communications envi- 
ronment in a W-CDMA based communications environment like UMTS. 

BACKGROUND OF THE INVENTION 

The increasing amount of communications in communications environments often 
lead to problems with respect to an efficient use of transmission capacities and 
transmission rates. 

Within the framework of the introduction of UMTS communications environments, 
new frequency spectra have been allocated for so-called 3G (third generation) mobile 
communication systems (for example the W-CDMA based UMTS Terrestrial Radio 
Access Network UTRAN). In particular, the new frequency spectra have been allo- 
cated such that frequency spectra already allocated for 2G (second generation) 
communications environments, such as GSM networks, are not cooperatively used 
and affected. As a result, specific frequencies are associated to each communications 
environment possibly leading to transmission capacity problems in a communications 
environment in case the allocated frequencies are not sufficient. 

In order not to restrict a communications environment to specific frequencies, 
frequencies can be commonly used by different communications environments. For 
example, in the United States of America it can be expected that 3G communications 
environments will share the same frequency spectrum with 2G communications 
environments, such as the 1.900 MHz PCS frequency bands. Further, in Europe it is 
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discussed that a frequency spectrum presently used for 2G communications envi- 
ronments, namely the 1.800 MHz frequency band, could be also allocated to 3G 
communications environments. These issues will become more relevant when 3G 
communications environments will successively replace 2G communications environ- 
ments. 

Similar problems will arise during initial phases for the introduction of 3G communica- 
tions environments where transmission capacity demands will be low such that the 
respective frequency spectrum can be used for different communications purposes. 
For example, it might be possible that in an initial phase a frequency spectrum 
allocated to a 3G communications environment is desired to be used for transmis- 
sions in a 2G communications environment. 

An approach is to operate 2G and 3G communications environments in co-existence, 
i.e. both communications environments are allowed to use the same frequency 
spectrum or frequency band at the same time. As a result, significant radio interfer- 
ences between both communications environments will occur. Further, sharing of 
common frequency resources exhibiting radio signal interferences requires at least a 
complex power control for both the 2G and 3G communications environments. 
Moreover, an adaptation of the frequency planning of at least one of the communica- 
tions environments will be necessary due to the different standards defined for 
example with respect to the allocation of physical channels and mapping of transport 
channels onto physical channels. 

Further, different communications environments provide for enhanced transmission 
rates, mostly for specific communications purposes, such as the so-called High Speed 
Packet Downlink Access (HSDPA) in an UMTS communications environment. Here, 
specific frequencies are reserved for such high-speed communications which possibly 
leads to a sub-optimal transmission rates e.g. if large amounts of data are to be 
communicated in a short period of time. 

OBJECT OF THE INVENTION 

The object of the present Invention is to provide for solutions to overcome the above 
named problems concerning transmission capacities and transmission rates. In 
particular the present invention should allow communications within different com- 
munications environments or in a single communications environment which are 
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based on different standards in a common frequency range, preferably avoiding the 
above named problem of radio signal interferences and drawbacks resulting there 
from. In greater detail, the present invention should allow communications of a 
TDMA based communications environment (e.g. GSM/GPRS communications envi- 
ronment) to be accomplished in the same frequency range used by a W-CDMA based 
communications environment (e.g. UMTS) and communications based on FDD in a 
communications environment to be performed in the same frequency range used for 
communications based on TDD in the same communications environment. 

SHORT DESCRIPTION OF THE INVENTION 

To achieve the above object, the present invention teaches a method for operating a 
first communications environment, wherein communications resources for communi- 
cations according to a first communications standard are used for communications 
according to a second communications standard and wherein the use of the first 
communications resources for communications according to the first communications 
standard is controlled in dependence of communications to be performed according 
to the second communications standard. Here, the first communications environment 
is controlled to provide at least some of its communications capacity for communica- 
tions according to the second communications standard. 

The expression "communications environment" will refer to environments which 
provide for communications by means of communications systems, communications 
networks, communications units, communications devices and the like as well as to 
methods used therein for communications. The expression "communications stan- 
dard" will refer to standards, specifications, definitions and the like according to 
which communications is performed in a communications environment. 

Preferably, the use of the first communications resources for communications accord- 
ing to the first communications standard is also controlled in dependence of commu- 
nications to be performed according to the first communications standard. This 
avoids using communications capacities of the first communications resources for 
communications according to the second communications standard essentially 
without impairing communications according to the first communications standard. 
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According to a preferred embodiment, second communications resources for com- 
munications according to the second communications standard are also used for 
communications according to the first communications standard wherein the use of 
the second communications resources for communications according to the second 
communications standard is controlled in dependence of communications to be 
performed according to the first communications standard. Here, the second com- 
munications environment is also controlled to provide at least some of its communi- 
cations capacity for communications according to the first communications standard. 

In the latter case it is possible to further control the use of the second communica- 
tions resources for communications according to the first communications standard in 
dependence of communications to be performed according to the second communi- 
cations standard. This avoids using communications capacities of the second com- 
munications resources for communications according to the second communications 
standard essentially without impairing communications according to the first commu- 
nications standard. 

For all above embodiments, the first communications resources can include a first 
frequency range, while, as far as applicable, the second communications resources 
can include a second frequency range. Preferably, the first and the second frequency 
range overlap at least partially. In such a case, the overlapping frequency range can 
be referred to as frequency range for mixed communications. The term "frequency 
range" as used herein also refers to single frequencies, frequency bands, multiple 
separated frequencies, multiple separated frequency band etc. 

According to a preferred embodiment, the method according to the present invention 
is carried out with respect to a geographical area for which both communications 
according to the first communications standard and communications according to the 
second communications standard are provided. Examples for such a geographical 
area include broadcast cells of communications environments. 

Parameters for carrying out the adaptive control method according to the present 
invention include at least one of a current communications demand, expected 
communications and available communications resources for communications each 
thereof according to the first and/or second communications standard(s). 
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In a preferred embodiment, the first communications resources is comprised by a 
first communications environment, which provides for communications according to 
the first communications standard, while - if applicable - the second communications 
resources can also be comprised by the first communications environment. Thus, the 
first communications environment can provide for both communications according to 
the first communications standard and communications according to the second 
communications standard. 

In a another preferred embodiment, the first communications resources is comprised 
by a first communications environment, which provides for communications accord- 
ing to the first communications standard, while - if applicable - the second communi- 
cations resources can also be comprised by a second communications environment. 
Thus, the first communications environment can provide for communications accord- 
ing to the first communications standard while the second communications environ- 
ment can support communications according to the second communications 
standard. 

For implementing the adaptive mixed communications control according to the 
present invention, the first and/or second communications environment(s) can 
receive information indicating the above control parameters). This allows controlling 
of communications capacities of communications environments for mixed communi- 
cations by the respective communications environment on its own. 

In view of demands for communications according to the first and/or second com- 
munications standard(s), only communications according to the first communications 
standard, or only communications according to the second communications standard, 
or communications according to the first communications standard and communica- 
tions according to the second communications standard can be provided. 

In order to avoid a negative impact on communications according to one communica- 
tions standard by allocating communications resources originally provided for that 
communications to communications according to another communications standard it 
is possible to prioritize communications according to the first communications stan- 
dard in relation to communications according to the second communications standard 
and/or vice versa. 
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Further, the present invention provides a communications environment, user equip- 
ment, radio base stations and computer program products as defined in the claims. 

SHORT DESCRIPTION OF THE FIGURES 

In the following description of preferred embodiments, it is referred to the enclosed 
drawings wherein: 

Fig. 1 illustrates a frame structure for uplink communications in an UMTS 
communications environment, 

Fig. 2 illustrates a frame structure for downlink communications in an UMTS 
communications environment, 

Fig. 3 illustrates a multiframe structure for GPRS communications, 

Fig. 4 illustrates a compressed mode transmission in an UMTS communica- 
tions environment, 

Fig. 5 illustrates W-CDMA frame structure for uplink compressed transmissions 
in an UMTS communications environment, 

Fig. 6 illustrates W-CDMA frame structure types in downlink compressed 
transmissions in an UMTS communications environment, 

Fig. 7 illustrates methods for transmission gap positioning in compressed 
mode transmissions in an UMTS communications environment, 

Fig. 8 illustrates different transmission gap positions in compressed mode 
transmissions in an UMTS communications environment, 

Fig. 9 illustrates a mapping of the TDMA frame structure shown in fig. 3 and 
W-CDMA frame structure shown in fig. 5 and 6, 

Fig. 10 illustrates a modified TDMA frame structure usable for mapping to the 
W-CDMA frames structure shown in fig. 5 and 6, 
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Fig. 11 is a generalized illustration of mapping of a second frame structure of a 
second communications environment to a first frame structure of a first 
communications environment, 

Fig. 12 illustrates single-mode TDMA and W-CDMA radio base stations accord- 
ing to the present invention, 

Fig. 13 illustrates a dual-mode radio base station according to the present 
invention, 

Fig. 14 illustrates a variable duplex distance for a FDD/TDD spectrum sharing 
according to the present invention, 

Fig. 15 illustrates a conventional TDD frame structure, 

Fig. 16 illustrates a TDD frame structure for TDD/FDD spectrum sharing 
according to the present invention, 

Fig. 17 is a generalized illustration of mapping of a second frame structure to a 
first frame structure of a common communications environment, 

Fig. 18 illustrates allocation of dedicated and shared frequency ranges to UMTS 
and GSM/GPRRS communications environments, 

Fig. 19 illustrates a deployment example for the adaptive control of mixed 
communications according to the present invention, 

Fig. 20 illustrates a flowchart for the adaptive control of mixed communications 
according to the present invention, 

Fig. 21 illustrates implementations of the adaptive control of mixed communica- 
tions according to the present invention, 

Fig. 22 illustrates a mixed communications operation selection according to the 
present invention, 
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Fig. 23 illustrates a graph showing parameters for the adaptive control of mixed 
communications according to the present invention and resulting mixed 
communications modes, 

Fig. 24 illustrates a further graph showing parameters for the adaptive control 
of mixed communications according to the present invention and result- 
ing mixed communications modes, and 

Fig. 25 to 28 illustrate different configurations for mapping the TDMA frame structure 
shown in fig. 3 and the W-CDMA frame structure shown in fig. 5 and 6 
for the adaptive control of mixed communications according to the pre- 
sent invention. 

Description of preferred embodiments 

Mixed GSM/fEKSPRS and W-CDMA communications within a shared frequency ran ge 

The following description is given with respect to TDMA and W-CDMA communica- 
tions environments. Examples for such communications environments include 
GSM/GPRS communications environments and UMTS communications environments. 
The principles and embodiments of the present invention given with respect to these 
specific communications environments also apply for other scenarios where different 
communications environments, i.e. communications environments according to 
different standards, or a different single communications environment share a same 
frequency spectrum or frequency band for its communications. In greater detail, the 
present invention will allow for a co-existence and integral cooperation of different 
communications environments and of different communications standards in single 
communications environment. 

Referring to GSM/GPRS and UMTS communications environments, definitions, 
symbols and abbreviations will be used which are in a line with the specifications by 
the third generation partnership project 3GPP™. 

GSM/GPRS communications via an UMTS comm unications environment 

In the following embodiments, the first and second communications standards, 
namely UMTS and GSM/GPRS standards, are defined for different communications 
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environment, namely an UMTS communications environment and a GSM/GPRS 
communications environment. 

In order to reduce transmission times for radio signal transmissions in a 3G commu- 
nications environment (e.g. UMTS) a so-called compressed mode has been defined 
by the third generation partnership project 3GPP™. In the compressed mode which 
is applicable for both uplink and downlink communications so-called transmission 
gaps are introduced in frame structures during which no data are transmitted. That 
means that during some periods in a frame structure no usable data will be commu- 
nicated between user equipment UE (such as a mobile telephone) and an associated 
radio base station (i.e. so-called nodes according to the UMTS specifications func- 
tionally corresponding to a base transceiver station BTS in a GSM communications 
environment). Usable data, as used in this context, refers to data which are usable 
by a user of a user equipment, such as voice messages, fax, e-mail, alphanumerical 
and/or graphical data, video and/or audio data and the like. 

In principle, such transmissions gaps of one communications environment can be 
used for communications in another communications environment. For example, 
GSM/GPRS communications transmissions can be executed during transmissions 
gaps of an UMTS communications environment. 

One of the basic ideas employed in the preferred embodiments is to utilize transmis- 
sion gaps which occur in the compressed mode specified for UMTS to execute 
GSM/GPRS communications when UMTS and GSM/GPRS communications environ- 
ments are operated in the same frequency range. As a result, the common frequency 
resources are shared between both communications environments by time multiplex- 
ing. 

In an UMTS communications environment, comparable frame structures are used for 
uplink and downlink communications whereas different multiplex methods are used. 
Downlink communications are performed on the basis of time multiplexing, while 
uplink communications employ I/Q multiplexing. 

As illustrated in fig. 1, a frame used for uplink communications comprises several 
slots which are structured in dependence of data (e.g. speech or content data) and 
control signals. For data transmissions, slots of a frame for uplink communications 
comprises the upper structure shown in fig. 1. Here, each slot comprises a plurality 
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of data bits which are transmitted in a respective frame via a dedicated physical data 
channel DPDCH. 

For control signal transmissions in uplink communications, the slots of a frame 
comprise the structure shown in the middle of fig. 1. Here, each slot comprises 
several pilot bits, a transport format combination indicator TFCI, feedback informa- 
tion FBI data and transmit power control TPC data. Frames comprising such slots are 
communicated via a dedicated physical control channel DPCCH. As a result, for such 
uplink communications in a UMTS communications environment DPDCH and DPCCH 
are I/Q multiplexed within each frame. 

In contrast thereto, downlink communications in a UMTS communications environ- 
ment for DPDCH and DPCCH are multiplexed in the time domain. Thus, downlink 
DPCH can be seen as time multiplex of uplink DPDCH and uplink DPCCH. As illus- 
trated in fig. 2, a frame used in downlink communications comprises several slots 
having the structure shown in this figure. Each slot comprises first data (data 1), 
transmit power control TPC data, transport format combination indicator TFCI data, 
second data (data 2) and pilot data. 

GPRS has been defined for GSM communications environment and uses a packet- 
mode technique to communicate packets of data (e.g. content data) by means of 
radio signals in the GSM communications environment, for example to/from a user 
equipment UE or mobile station MS. For GPRS, which has to be understood to include 
EGPRS (enhanced GPRS), new physical channels or logical channels are defined, 
wherein uplink and downlink channels are allocated separately. For communications 
by means of GPRS, i.e. transmissions of data packets, packet data channels PDCHs 
are used for uplink and downlink communications. 

For mapping in time of the logical channels to a physical channel used for GPRS, a 
so-called packet data channel PDCH, a multiframe structure shown in fig. 3, is 
defined. The multiframe structure for a PDCH consists of 52 TDMA frames including 
12 radio blocks BO, Bll each thereof including 4 frames, 2 idle frames X and 2 
frames T used for the so-called packet timing advance control channel PTCCH for 
timing control purposes. The length of the multiframe structure, i.e. of 52 TDMA 
frames, is 240 ms. 
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By means of respective physical channels it would be also possible to perform more 
or all communications in a manner comparable to GPRS by means of data packet 
transmissions. In principle, a mapping of packet data is also possible for any other 
channel used in a GSM communications environment, such as PBCCH, PCCCH, 
PACCH, PDTCH, CFCCH, CSCH, CPBCCH, CPCCCH, PACCH, CTSCCH and CTS which 
also use a multiframe structure of 52 TDMA frames. Further, mapping can be con- 
templated for other channels of a GSM communications environment which are 
based on different multiframe structures including 26 TDMA frames (e.g. TCH, 
FACCH) or 51 TDMA frames (e.g. BCCH, CCCH, SDCCH, PBCCH and PCCCH). Al- 
though such data packet based transmissions will require some modifications of 
transmission standards and specifications of today's GSM based communications 
environments, this is important to notice since the use of data packet transmissions 
will allow utilizing idle periods in one communications environment (e.g. transmission 
gaps TGs in an UMTS communications environment) for communications in another 
communications environment. As a result, employing a broader range of data packet 
based transmissions in a communications environment will allow for performing a 
higher amount of transmissions of that communications environment in another 
communications environment during its idle periods. 

As illustrated in fig. 4 for UMTS communications environments a so-called com- 
pressed mode is defined wherein slots having a transmission gap length TGL are not 
used for transmissions of data. The term transmission gap length TGL defines the 
number of consecutive empty slots (i.e. slots without usable data) which can be 
obtained with a transmission time reduction method. UMTS employs W-CDMA frames 
each having a duration of 10 ms and including 15 slots each with a duration of 0.666 
ms. 

A number of 12 W-CDMA frames forms a W-CDMA frame structure having a duration 
of 120 ms. For an operation in the compressed mode, information (e.g. speech data, 
content data, control signals and the like) normally transmitted during a W-CDMA 
frame is compressed in time. The maximum idle length, i.e. the maximal transmis- 
sion gap length TGL, is defined according to 3GPP™ specifications to be 7 slots or, as 
will be referred to in the following, "idle slots" per 10 ms frame. Thus, for a maximal 
duration of 4.666 ms per W-CDMA frame or 56 ms per W-CDMA frame structure no 
information is communicated in the compressed mode. 
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A transmission gap can be located within a W-CDMA frame such that at least on slot 
of that W-CDMA frame is arranged before and after the transmission gap. Thus, 
transmission gaps of consecutive W-CDMA frames will be separated by at least one 
slot. Further, a transmission gap can be located within two consecutive W-CDMA 
frames such that the respective two W-CDMA frames are bridged. Thus, no W-CDMA 
slot will be arranged between the parts of transmission gap of the two consecutive 
W-CDMA frames. In order to meet the maximal transmission gap length TGL of 7 
slots per W-CDMA frame, here, in each of the W-CDMA frames bridged by a trans- 
mission gap, at least 8 slots must be used for data transmissions. These two meth- 
ods are called single-frame method and double-frame method and will be described 
in greater detail below. 

For the compressed mode, two options are defined for downlink communications, 
while only one compression mode is employed for uplink communications. Uplink 
communications according UMTS employ a slot structure as illustrated in fig. 1. The 
upper slot structure in fig. 1 designated by the term "data" forms consecutive uplink 
UMTS slots (two slots shown) which can be separated by transmission gaps TGs (one 
transmission gap TG shown) when operated for uplink compressed transmission. 
Normally, data slots are communicated via an associated physical channel such that 
for a compressed mode operation this physical channel is not used during transmis- 
sion gaps between single data frames. 

Associated to the respective slots for data, control slots are used which have the 
lower structure illustrated in fig. 1 . For uplink communications, each control slot 
comprises pilot data Pilot, a transmit format combination indicator TFCI, a final block 
indicator FBI and transmit power control TPC data. The control slots form consecu- 
tive uplink UMTS slots (two control slots shown) which can be separated by trans- 
mission gaps TGs (one transmission gap TG shown) for uplink compressed 
transmission. Comparable to data slots control slots are transmitted via an associated 
physical channel. As a result, during transmission gaps with respect to control slots 
this physical channel is not utilized. 

As can be derived from fig. 5, for uplink communications in the compressed mode 
transmission gaps are only arranged between two consecutive slots and its data and 
control slots, respectively. 
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UMTS downlink communications utilize a different frame structure compared to 
uplink communications, as shown in fig. 2. A frame structure type A (see fig. 6(a)) 
uses slots with data data 1 (e.g. speech data or content data), transmit power 
control TPC data, a transmit format combination indicator TFCI, further data data 2 
(e.g. speech or content data) and pilot data PL For downlink compressed transmis- 
sions consecutive slots are separated by a transmission gap TG wherein pilot data PL 
of the last slot in the transmission gap TG is transmitted while transmission is turned 
off during the rest of the transmission gap TG. As a result, the pilot data PL of the 
last slot of the transmission gap TG precedes the first data of the subsequently 
transmitted slot. 

The frame structure type A maximizes the transmission gap length TGL, while the 
frame structure type B (shown in fig. 6(b)) is optimized for power control. The 
structure of slots for frame structure type B corresponds to the structure for slots of 
frame structure type A. Here, the transmit power control TPC data of a respective 
slot in the transmission gap TG and the pilot data PL of the last slot in the transmis- 
sion gap TG are transmitted. For the remaining part of the transmission gap TG, 
transmission is turned off. 

For the compressed mode different positions can be chosen for transmission gaps 
TGs as shown in fig. 7. According to the so-called single-frame method (see fig. 
7(1)), a transmission gap TG is located within a W-CDMA frame, while according to 
the so-called double-frame method (shown in fig. 7(2)) a transmission gap TG is 
positioned between two consecutively transmitted W-CDMA frames. Illustrative 
examples for transmission gap positions for the single-frame method and the double- 
frame method are shown in fig. 8. 

In view of the maximal transmission gap length of 7 idle slots per W-CDMA frame, 
this results in a maximal transmission gap length of 4.666 ms, here per W-CDMA 
frame, for the single-frame method. For the double-frame method this results in a 
maximal transmission gap length of 9.333 ms, here spanning two consecutive W- 
CDMA frames. 

For using GSM/GPRS and UMTS communications environments in co-existence with 
both communications environments sharing the same frequency range, transmission 
gaps TGs existing for the compressed mode in UMTS are used for GSM/GPRS trans- 
missions. This is possible since during transmission gaps TGs no transmissions are 
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executed with respect to the UMTS communications environments and due to the 
fact that GSM/GPRS communications are performed on data packet basis. The 
transmission gaps provide for transmission resources available for GSM/GPRS com- 
munications, while data packet based communications allow for a transmission of 
single TDMA frames and/or slots without affecting data to be transmitted. 

As illustrated in fig. 3, the multiframe structure defined for GSM/GPRS communica- 
tions (see fig. 3) results in TDMA frame structure having a duration of 240 ms. This 
corresponds with the duration of two consecutive W-CDMA frames each having a 
length of 120 ms. Therefore, a mapping of TDMA frame structure to W-CDMA frame 
structure is chosen in a relation of 1:2, i.e. one TDMA frame structure will be mapped 
to two consecutive W-CDMA frame structures. Since not all slots of a W-CDMA frame 
will be idle slots and only W-CDMA slots of transmission gaps are used for transmis- 
sions of GSM/GPRS data, the mapping will be further performed on W-CDMA slot 
basis. That means that a TDMA frame structure (52 TDMA fames) is "synchronized" 
with respect to two W-CDMA frame structures and that single TDMA frames and/or 
single slots of a TDMA frame of the TDMA frame structure will be mapped to trans- 
mission gap slots of two W-CDMA frame structures. 

The use of TDMA frames or slots of TDMA frames for mapping to transmission gaps 
depends, inter alia, from used transmission gap lengths, time periods between 
consecutive transmission gaps, data to be transmitted in the GSM/GPRS communica- 
tions environment, properties of data packets employed in TDMA frame structures 
and the like. For example, during a transmission gap having a length of one W-CDMA 
slot (i.e. 0.666 ms), a TDMA slot (i.e. 0.576 ms) can be transmitted. As further 
examples, for a transmission gap length of 4.666 ms (single-frame method) a TDMA 
frame (i.e. 8 TDMA slots; 4.615 ms) can be transmitted, while for a transmission gap 
length of 9.333 ms (double-frame method) two TDMA frames (i.e. 16 TDMA slots; 
9.231 ms) can be transmitted. 

As an example, a communications environment is assumed which has a transmission 
gap length of 9.333 ms (double-frame method) and 8 W-CDMA slots used for data 
transmissions in each W-CDMA frame (i.e. 10.666 ms). Then, during 24 consecutive 
W-CDMA frames (360 W-CDMA slots = 240 ms) 12 transmission gaps each with a 
length of 9.333 ms can be realized at each second frame-frame border. Thus, 24 
TDMA frames of a TDMA frame structure can be transmitted. This results in a 
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transmission capacity for GSM/GPRS communications via an UMTS communications 
environment of about 46% compared with conventional GSM/GPRS communications. 

As a further example, a communications environment is assumed which has a 
transmission gap length of 4.666 ms (single-frame method). Then, during 24 con- 
secutive W-CDMA frames (360 W-CDMA slots = 240 ms) 24 transmission gaps each 
with a length of 4.666 ms can be realized in each frame. Again, 24 TDMA frames of a 
TDMA frame structure can be transmitted. This results in a transmission capacity for 
GSM/GPRS communications via an UMTS 'communications environment of about 46% 
compared with conventional GSM/GPRS communications. 

For the preceding examples, the same transmission capacities for GSM/GPRS com- 
munications via an UMTS communications environment can be realized. It can be 
expected that the latter example will require more synchronization efforts to map 
each of the 24 TDMA frame to a transmission gap, in contrast to the previous exam- 
ple wherein 12 pairs of TDMA frames are mapped to 12 transmission gaps. 

Mapping a TDMA frame structure for GSM/GPRS communications environments to 
transmission gaps of a W-CDMA frame structure for UMTS communications environ- 
ments is illustrated in fig. 9. 

As regards fig. 9, it is assumed that TDMA frames T used for PTCCH (see fig. 3) are 
not contemplated for transmission in an UMTS communications environment, while 
the "synchronization" of the TDMA and W-CDMA frame structures is performed such 
that TDMA idle frames X (see fig. 3) occur a time where no transmission gap is 
existing. Further, a transmission gap length of 9.333 ms (double-frame method) and 
a spacing of 6 W-CDMA frames between transmission gaps (i.e. 90 W-CDMA slots = 
60 ms) are assumed. Such frame structures will also be referred to as 6- 
superiorframe as they rely on TDMA and W-CDMA frames for GSM/GPRS and UMTS 
communications, respectively, but are different compared to the "original" GSM/GPRS 
and UMTS frame structures as least with respect to the use of frames for communi- 
cations. 

Then, during 24 consecutive W-CDMA frames (360 W-CDMA slots = 240 ms) having 
4 transmission gaps each with a length of 9.333 ms, 8 TDMA frames can be transmit- 
ted. This results in a transmission capacity for GSM/GPRS communications via an 
UMTS communications environment of 1/6 (approximately 17%) compared with 
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conventional GSM/GPRS communications. For this calculation, it is assumed that 
TDMA frames T used for PTCCH (see fig. 3) are not contemplated for transmission in 
an UMTS communications environment, while the "synchronization" of the TDMA and 
W-CDMA frame structures is performed such that TDMA idle frames X (see fig. 3) 
occur a time where no transmission gap is existing. 

The expression "synchronized" as used in this context refers to a transmission of 
TDMA frame structures in a fixed time relation to W-CDMA frame structures, which 
also includes a temporal offset between the beginning of a TDMA frame structure 
and the beginning of the first one of two W-CDMA frame structures associated 
thereto. 

As indicated by arrow toff in fig. 9, a time offset between the GSM/GPRS and UMTS 
frame structures can be implemented. This will allow for an aligning of a first of the 
TDMA frames or slots with a first W-CDMA slot of a first of the transmission gaps TGs 
intended for GSM/GPRS transmissions. Further, as described above, transmission gap 
lengths TGLs and positions of transmission gaps TGs in the W-CDMA frame structure 
can be specified within certain limits which is indicated by arrow tp er in fig. 9. 

Comparable considerations have to be made if a GSM/GPRS frame structure including 
26 TDMA frames is used. Here, a mapping in a relation of 1:1 can be chosen, i.e. one 
GSM/GPRS frame structure will be mapped to one W-CDMA frame structure. 

For a GSM/GPRS frame structure including 51 TDMA frames it is possible to insert a 
delay of one TDMA frame between two consecutive frame structures including 51 
TDMA frames to obtain a 1:2 relation with respect to the duration of transmission of 
TDMA frame structures and W-CDMA frame structures. Further, it is contemplated 
that a mapping of a frame structure including 51 TDMA frames to a W-CDMA frame 
structure is performed independently of the overall duration of the TDMA frame 
structure and the W-CDMA frame structure. Then, the mapping can be performed on 
W-CDMA slot basis only. 

With respect to GSM/GPRS communications environments, this allows to use stan- 
dard equipment (e.g. radio base stations, user equipment) and transmission stan- 
dards (e.g. frame structures) specified for these communications environments. As 
will be set forth below, enhanced results can be obtained by employing modified 
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GSM/GPRS equipment and transmission standards and/or modified UMTS equipment 
and transmission standards. 

Instead of using the TDMA frame structure illustrated in Fig. 3, a new TDMA frame 
structure or TDMA superiorframe as illustrated in Fig. 10 can be used. This modified 
TDMA frame structure, i.e. a superiorframe, which also includes 52 TDMA frames is 
in particular suitable for the scenario illustrated in Fig. 9. The TDMA superiorframe 
structure shown in Fig. 10 provides 2 radio blocks useable for (E)GPRS communica- 
tions. One of these radio blocks comprises two structures Ba and Bb (half a radio 
block) each including two bursts. Ba and Bb are separated by 11 TDMA frames which 
are not utilized for GSM/GPRS communications. The other of these radio blocks 
comprises structures Be and Bd each thereof also including two bursts. As can be 
derived from Fig. 10, the separation by 11 idle TDMA frames applies to all of the 
structures Ba, Bb, Be and Bd. Thus, Fig. 10 illustrates a 13-superiorframe. 

Comparable to the scenario described with respect to Fig. 9, the TDMA superiorframe 
shown in Fig. 10 includes no TDMA frames for PTCCH. In line therewith correspond- 
ing packet data channels can only be used as "secondary channels" in order to 
increase the transmission capacity. That means, that packet data channels being 
communicated by means of TDMA superiorframe of Fig. 10 during transmission gaps 
of W-CDMA frames will be used in addition to a "standard" packet data channel 
which provides PTCCH and are linked thereto. In order to provide for further TDMA 
frames in the TDMA superiorframe shown in Fig. 10, for example PTCCH, an another 
or an additional transmission gap pattern can be configured. 

Fig. 11 illustrates, in a general manner, mapping of frame structures of a communi- 
cations environment to frame structures of another communications environment. As 
illustrated, a first communications environment is used for transmissions of commu- 
nication in a second communications environment. The first communication environ- 
ment uses first frames each thereof consisting of a number of si slots. The second 
communications environment utilizes second frames each thereof comprising a 
number of s2 slots. As indicated in Fig. 11, a first frame has a duration of tl, while 
second frames have a duration of t2. 

In the first communications environment, a number of fl first frames forms a specific 
first frame structure referred to as f 1-superiorframe with fl being set to an actual 
value. In the second communications environment, a number f2 of second frames 
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forms a specific second frame structure referred to as f2-superframe with f2 being 
set to an actual value. As set for the above, transmission gaps are defined such that 
for a period, also referred to as transmission gap length, no transmissions of com- 
munications to be performed in the first communications environment occur. Those 
transmissions gaps which are configured on slot basis can be used for transmissions 
of communications of the second communications environment. 

As indicated by tper transmission gaps or idle periods in the first communications 
environment can be specified within limits determined, for example by a defined 
maximum transmission gap length and/or a defined minimum number of first frames 
or slots thereof to be used for transmissions. 

To transmit second frames or at least slots thereof, the first and second communica- 
tions environments are synchronized such that transmissions gaps in the first com- 
munications environment occur substantially at the same time second frames or slots 
thereof to be transmitted in the first communications environment occur or are 
available in the second communications environment. Such synchronization is 
generally recommended on frame structure or superiorframe basis. If, for example, a 
second frame structure or superiorframe is defined that match better to more than 
one second frame structure or superiorframe than to a single one thereof, synchroni- 
zation can also be performed on the basis of multiples of frame structures or superi- 
orframes. 

As illustrated in Fig. 11, frame structures or superiorframes for the first and second 
communications environment are defined as follows. For a given frame defini- 
tion/specification, in the illustrated example on the basis of the slot numbers si and 
s2 and the frame durations tl and t2, the numbers f 1 and f2 of frames forming a 
first frame structure of superiorframe and a second frame structure or superiorframe, 
respectively, are defined such that the minimum values for the superiorframe num- 
bers fl and f2 fulfill the following equation: 

fl x tl = f2 x t2. 

Then, the duration (fl x tl) of the first superiorframe and the duration (f2 x t2) of 
the second superiorframe are the same and define a superiorframe duration 
Tmin_comm which is indicated in Fig. 11. 
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If, for example, the first and the second communications environment employ frames 
having the same duration, i.e. tl = t2, and the same number of slots per frame, i.e. 
si = s2, so-called 1-superiorframes are obtained, i.e. superiorframes comprising one 
of the respective frames. As a result, the first superiorframe will comprise one first 
frame, while the second superiorframe will comprise one second frame. 

Comparable to the preceding example, 1-superiorframes can also be obtained in the 
case frames of the first and second communications environments have the same 
duration, i.e. tl = t2, but employ a different number of slots per frame, i.e. si * s2. 

With respect to a first communications environment being a W-CDMA based envi- 
ronment and the second communications environments being a GSM/GPRS based 
environment, the following values are used for the above equation: 

si = 15, tl = 10 ms and s2 = 8, t2 = 4,615 ms 

As a result, the number fl for the first superiorframe will be 6, while the number f2 
for the second superiorframe will be 13. Thus, a so-called 6-superiorframe will be 
obtained as first superiorframe, i.e. superiorframe comprising 6 W-CDMA frames, 
while a so-called 13-superiorframe will be obtained as second superiorframe, i.e. a 
superiorframe comprising 13 TDMA of frames. Both the first and the second superior- 
frames have a superiorframe duration Tmin_comm of 60 ms. 

As indicated by a time of set between the first and second superiorframes can be 
implemented. This will allow for aligning a first one of second frames in the second 
superiorframe with a first one of first frames of a transmission gap in the first superi- 
orframe. Comparable thereto, such an alignment can also be based on slot basis. 

Further issues to be addressed for an implementation are data traffic related control 
and scheduling tasks. The GSM/GPRS transmission capacity can be selected within 
certain limits. For example, W-CDMA frame transmission gaps TGs should be posi- 
tioned such that simultaneous transmissions in both the GSM/GPRS and UMTS 
communications environments are avoided. Further, the scheduling of GSM/GPRS 
communications and actual transmissions should be controlled accordingly. 

A more detailed description related to synchronization and data traffic related control 
and scheduling tasks is presented in the following. 
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Although GSM/GPRS and UMTS communications environments exhibit some differ- 
ences with respect to their network structure, from a functional point of view, the 
network structures of these communications environments are similar. For example, 
the function of a base transceiver station BTS in a GSM/GPRS communications 
environment essentially corresponds with a node in an UMTS communications 
environment. The same applies for a base station controller BSC for GSM/GPRS and a 
radio network controller RNC for UMTS. In principle, such network components of 
these communications environments serve as units to and from which communica- 
tions links are established and maintained from and to user equipment like mobile 
devices (such as mobile telephones). Thus, the term radio base station RBS will be 
used to designate such network structures and/or components of the different 
communications environments. 

For a synchronization of the frame structures utilized in GSM/GPRS and UMTS 
communications environments, radio base stations RBSs for these communications 
environments are synchronized. Here, basically two different scenarios can be 
considered: 

Scenario A: 

In case of separate radio base stations RBSs respectively used for GSM/GPRS and 
UMTS, an individual TDMA single-mode radio base station RBS and an individual W- 
CDMA single-mode radio base station RBS are utilized. These separated radio base 
stations include TDMA base station equipment and W-CDMA base station equipment, 
respectively. Further, each single-mode radio base station includes its own timing 
unit. The TDMA radio base station and the W-CDMA radio base station may thus be 
synchronized to achieve a common frame timing for example by means of respective 
timing signals communicated between the radio base stations and, in particular, its 
timing units. Depending on the preferences defined for the different communications 
environments, it is possible to operate the timing units of the different radio base 
stations in a "master/slave" relationship such that always one timing unit is synchro- 
nized with respect to the other timing unit. Moreover, it is contemplated to compen- 
sate transmission delays for synchronization signals between the different radio base 
stations. This scenario is illustrated in fig. 12. 



WO 2004/057894 



PCT/EP2002/014603 



-21- 

Scenario B: 

In case of a so-called dual-mode radio base station RBS, a single radio base station is 
utilized for communications with respect to both GSM/GPRS and UMTS communica- 
tions environments. As illustrated in fig. 13, such a dual mode radio base station RBS 
comprises TDMA base station equipment for GSM/GPRS and W-CDMA base station 
equipment for UMTS. Further, a common timing unit is included which provides for 
timing and synchronization information to the different base station equipments 
inside the dual-mode radio base station RBS. As a result, synchronization and, in 
particular, common frame timing is implicitly achieved. 

With respect to data traffic related control and scheduling tasks, GSM/GPRS trans- 
missions should be controlled such that transmission collisions of GSM/GPRS and 
UMTS transmissions are avoided. This means that for GSM/GPRS transmissions only 
transmission gaps TGs which are due to the compressed mode of UMTS should be 
utilized. As set forth above, other types of GSM communications are not executed on 
data packet basis such that a distribution of other standard GSM communications to 
different transmission gaps cannot be obtained in general. Therefore, in the following 
it is assumed that GSM communications being no GSM/GPRS communications are 
performed in a frequency range outside the frequency range to be shared by 
GSM/GPRS and UMTS communications. 

The resulting demands on control and scheduling can be subdivided in a configura- 
tion of transmission gaps TGs in the UMTS communications environment and a 
scheduling of GSM/GPRS communications in view of a transmission gap configura- 
tion. 

In line with the above configurations, some control and scheduling functionalities are 
implemented for the GSM/GPRS and UMTS communications environments. For the 
GSM/GPRS carriers or TDMA transmissions, respectively, within the shared frequency 
range, the packet control unit PCU schedules downlink GSM/GPRS transmissions for 
usable radio blocks only. Further, the packet control unit PCU only assigns usable 
radio blocks for uplink GSM/GPRS transmissions to for example GSM/GPRS mobile 
equipment. Moreover, radio base station RBS equipment (see fig. 12 and 13) 
servicing the GSM/GPRS communications environment does not transmit usable data 
outside usable radio blocks and packet timing advance control channel PTCCH frames 
in the shared frequency band. 
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With respect to the UMTS communications environment, the respective radio base 
station RBS equipment (see fig. 12 and 13) is configured to utilize the compressed 
mode for W-CDMA frame transmissions when radio resources are allocated and used 
within the frequency range shared with GSM/GPRS communications. Also, equipment 
of the UMTS communications environment is configured to use the compressed 
mode when such radio resources are allocated and used. 

Regarding modifications being expected for GSM/GPRS communications environ- 
ments in view of UMTS becoming the more important communications environment, 
the issues considered above can become of minor importance. For example, new 
communications channel combinations can be used to indicate a mixed communica- 
tions mode (i.e. shared frequency ranges for both GSM/GPRS and UMPS communica- 
tions). Further, it is possible to modify the mapping of a packet timing advance 
control channel PTCCH on the TDMA frame structure, i.e. to change the position of 
respective frames in the frame structure illustrated in fig. 3 or to use a modified 
TDMA structure such as shown in fig. 10. 

With respect to GSM/GPRS user equipment it is possible to provide information about 
a mixed communications mode and usable radio blocks of the TDMA frame structure 
for example by providing additional information at assignment of GSM/GPRS radio 
resources. Information about a mixed communications mode can be for example 
broadcasted over a broadcast control channel BCCH for a GSM/GPRS communications 
environment. 

FDD communications via TDD frequencies in an UMTS communications environment 

In the following embodiments, the first and second communications standards are 
defined for a common communications environment. As illustrative example, fre- 
quency division duplex (FDD) and time division duplex (TDD) based communications 
are employed as first and second communications standards, respectively, in an 
UMTS communications environment as common communications environment. In 
particular, the following description will be given with respect to HSDPA (High Speed 
Packet downlink access) in the UMTS communications environment. 
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In the 3GPP™ specifications, a so-called High Speed Packet Downlink Access 
(HSDPA) is defined. The goal of HSDPA is to increase the data throughput in a cell or 
sector, reduce transmission delays and achieve high peek rates. 

Usually several end user devices such as user equipment UE shown in Fig. 14, share 
one HSDPA channel. An allocation of this channel to different user equipment UE 
depends, inter alia, from implemented algorithms, the desired quality of the radio link 
and the required data through put. An allocation of the HSDPA channel to different 
user equipment UE is accomplished via time multiplexing. 

In particular, communications via a HSDPA channel are performed on the basis of W- 
CDMA frames each including 15 slots. Moreover, each W-CDMA frame is divided in 5 
HS (high speed) sub frames each including 3 slots. Such frame structures.are em- 
ployed both for frequency division duplex (FDD) and time division duplex (TDD) 
based communications. 

As a result of the use of HS subframes, not only a complete W-CDMA frame (15 
slots) can be allocated for a radio link to specific user equipment but allows for an 
allocation of individual HS subframes (3 slots) of a W-CDMA frame to different user 
equipment. 

Since W-CDMA frame structures are comparable for time division duplex (TDD) and 
frequency division duplex (FDD) communications, it is possible to allocate W-CDMA 
frames or HS subframes thereof which are originally intended for TDD communica- 
tions as frames or subframes for FDD communications. Although, the following 
description is directed to an allocation of TDD (sub) frames for FDD communications, 
and an allocation of FDD (sub) frames for TDD communications is contemplated in a 
comparable manner. 

As shown in Rg. 15, a conventional TDD (W-CDMA) frame comprises 15 slots and 
has an overall length of 10 ms. Further, each TDD (W-CDMA) frame includes at least 
two slots allocated to TDD downlink and at least one slot allocated to TDD uplink. 
Thus, the TDD W-CDMA frame could be subdivided into five subframes each includ- 
ing 3 slots. For the example illustrated in Fig. 15, the first slot of the first subframe, 
the last slot of the third subframe and the last slot of the fifth subframe are used for 
TDD communications. The orientations of the large arrows in Fig. 15 indicate 
downlink (arrows directed to the bottom of Fig. 15) and uplink (arrow directed to the 
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top of Fig. 15) communications. Double headed arrows in Fig. 15 indicate slots 
available for uplink or downlink communications in principle although not utilized for 
communications in the illustrated example. In line therewith, the second and forth 
subframes are not utilized for TDD communications and, thus, are available for 
different communications as will be described below. 

For frequency division duplex (FDD) communications, on the basis of full duplex 
transmissions, two carrier frequency ranges are used, one frequency range for uplink 
communications and another frequency range for downlink communications. In order 
to achieve a sufficient separation of uplink and downlink transmissions, according to 
the 3GPP™ specifications, a duplex distance representing the frequency distance 
between uplink and downlink frequency ranges is chosen. By means of a variable 
duplex distance it is possible to change the frequency distance between uplink and 
downlink frequency ranges for FDD communications on the basis of W-CDMA frames. 

Such a variable duplex distance further allows employing further frequency ranges 
for uplink and/or downlink communications in addition to uplink and downlink 
frequency ranges originally indented FDD communications (see Fig. 14). 

By such a use of a further frequency range for FDD communications, capacity 
limitations for FDD communications due to uplink and/or downlink constraints can be 
avoided. For illustrative purposes only, it is assumed that FDD communications are 
limited by its downlink properties. In order to overcome such a downlink capacity 
limitation, a further downlink frequency range will provide for the required transmis- 
sion capacity. As set forth above, frequency ranges originally intended for TDD 
communications can be used for that purpose during time periods wherein the TDD 
frequency range is actually not used for TDD communications. With respect to the 
example illustrated in Fig. 15, the frequency range for the shown TDD W-CDMA 
frame during the time of the second and forth subframes can be allocated for FDD 
communications (the use of parts of a TDD frame, i.e. subframes, is, as explained 
above, possible due to the comparable subdivision of the W-CDMA frames for both 
TDD and FDD communications). 

The "shared" TDD W-CDMA frame shown in Fig. 16 illustrates the allocation of the 
second and forth subframes not utilized for TDD communications for FDD downlink 
communications in the TDD frequency range. 
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Fig. 17 illustrates, In a general manner, mapping of frame structures of a communi- 
cations environment to other frame structures of the same communications environ- 
ment. As illustrated, a communications environment uses first frames each thereof 
consisting of a number of si slots and second frames each thereof comprising a 
number of s2 slots. As indicated in Fig. 17, a first frame has a duration of tl, while 
second frames have a duration of t2. 

Further, in the communications environment, a number of fl first frames forms a 
specific first frame structure referred to as fl-superiorframe with fl being set to an 
actual value and a number f2 of second frames forms a specific second frame 
structure referred to as f2-superiorframe with f2 being set to an actual value. 

As set for the above, transmission gaps are defined such that for a period, also 
referred to as transmission gap length, no transmissions of communications to be 
performed in the communications environment occur. Those transmissions gaps 
which are configured on slot basis can be used for transmissions of communications 
by means of the frames or at least slots thereof of second frame structure. 

As indicated by tper transmission gaps or idle periods in the communications environ- 
ment can be specified within limits determined, for example by a defined maximum 
transmission gap length and/or a defined minimum number of first frames or slots 
thereof to be used for transmissions. 

To transmit second frames or at least slots thereof, the first and second frame 
structures are synchronized such that transmissions gaps of the first frame structure 
occur substantially at the same time second frames or slots thereof to be transmitted 
in transmission gaps occur or are available. Such synchronization is generally rec- 
ommended on frame structure or superiorframe basis. If, for example, a second 
frame structure or superiorframe is defined that match better to more than one 
second frame structure or superiorframe than to a single one thereof, synchroniza- 
tion can also be performed on the basis of multiples of frame structures or superior- 
frames. 

As illustrated in Fig. 17, frame structures or superiorframes are defined as follows. 
For a given frame definition/specification, in the illustrated example on the basis of 
the slot numbers si and s2 and the frame durations tl and t2, the numbers fl and f2 
of frames forming a first frame structure of superiorframe and a second frame 
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structure or superiorframe, respectively, are defined such that the minimum values 
for the superiorframe numbers fl and f2 fulfill the following equation: 

fl x tl = f2 x t2. 

Then, the duration (fl x tl) of the first superiorframe and the duration (f2 x t2) of 
the second superiorframe are the same and define a superiorframe duration 
Tmin_comm which is indicated in Fig. 11. 

If, for example, the communications environment employ frames having the same 
duration, i.e. tl = t2, and the same number of slots per frame, i.e. si = s2, so-called 
1-superiorframes are obtained, i.e. superiorframes comprising one of the respective 
frames. As a result, the first superiorframe will comprise one first frame, while the 
second superiorframe will comprise one second frame. 

Comparable to the preceding example, 1-superiorframes can also be obtained in the 
case frames of the communications environment have the same duration, i.e. tl = 
t2, but employ a different number of slots per frame, i.e. si * s2. 

With respect to a communications environment being a W-CDMA based environment 
using FDD and TDD frame structures as described above, the following values are 
used for the above equation: 

sl=s2=15 and tl=t2=10 ms. 

As a result, the number fl for the first superiorframe will be 6 and the number f2 for 
the second superiorframe will also be 6. Thus, a so-called 6-superiorframe will be 
obtained as first superiorframe and second superiorframe, i.e. superiorframes 
comprising 6 W-CDMA frames. 

As indicated by toff, a time of set between the first and second superiorframes can be 
implemented. This will allow for aligning a first one of second frames in the second 
superiorframe with a first one of first frames of a transmission gap in the first superi- 
orframe. Comparable thereto, such an alignment can also be based on slot basis. 
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TDD communications via FDD frequencie s in an UMTS communications environment 

The observations given in the preceding section correspondingly apply to TDD 
communications of in an UMTS communications environment to be communicated by 
means of a "shared" FDD W-CDMA frame. 

FDD-GSM/fE^GPRS communications via TDD freque ncies in an UMTS communications 
environment 

Today's standards define the use of FDD frame structures for GSM/(E)GPRS commu- 
nications. Therefore, the observations given with respect to FDD communications via 
TDD frequencies in an UMTS communications environment correspondingly apply to 
FDD communications of a GSM/(E)GPRS communications environment to be commu- 
nicated by means of a "shared" TDD W-CDMA frame of an UMTS communications 
environment. 

TDD-GSM/fE^GPRS communications via FDD frequencies in an UMTS communications 
environment 

New GSM/(E)GPRS standards are in discussion wherein it is contemplated to allow 
TDD frame based communications. Therefore, the observations given with respect to 
TDD communications via FDD frequencies in an UMTS communications environment 
correspondingly apply to TDD communications of a GSM/(E)GPRS communications 
environment to be communicated by means of a "shared" FDD W-CDMA frame of an 
UMTS communications environment. 

Further embodiments of using communications resour ces for different communica- 
tions standards 

As regards the above implementation of the invention in existing communications 
environment, it was assumed that the use of one communications environment for 
communications of another communications environment is performed for the 
communications interface between end user equipment and base stations, i.e. an air 
interface. This can require modified end user equipment, e.g., to actually transmit 
data only during transmission gaps to be used for communications. 
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In general, the invention can be implemented for any comparable interface of a 
communications environment, which can be accessed by units of another communi- 
cations environment. For example, in case of communications environments, which 
include air interfaces between radio base stations, the use of one communications 
environment for communications of another communications environment can 
performed for the communications interface between base stations. Then, modifica- 
tion can be limited to base stations if necessary at all. 

The above descriptions refer to the use of unmodified UMTS standards for which 
communications according to GSM/(E)GPRS standards are adapted and/or in respect 
of which GSM/(E)GPRS standards are modified. Further, it is contemplated to use 
unmodified GSM/(E)GPRS standards for which communications according to UMTS 
standards are adapted and/or in respect of which UMTS standards are modified, e.g. 
by the defining longer transmission gaps, shorter periods during which actual data 
communications have to be performed and the like. 

The above described mixed communications are not limited to the examples given 
with respect to GSM/(E)GPRS communications and W-CDMA communications. 
Rather, mixed communications as described herein are possible for any communica- 
tions environments such as mobile telephone systems according to the second 
generation (e.g. GSM including EDGE, IS95, etc.), the third generation (UMTS: W- 
CDMA, TDD and CDMA2000) and the planned fourth generation (e.g. OFDM based). 
Further, an implementation is not limited to combinations of specific frequencies. 

Beside the today's used GSM frequency bands (900, 1800, 1900 MHz frequency 
ranges), the following list shows some more exemplary frequency combinations: 

GSM 450 Band: 

For GSM 450, the system is required to operate in the following band: 
450,4 MHz to 457,6 MHz: mobile transmit, base receive; 
460,4 MHz to 467,6 MHz base transmit, mobile receive. 

GSM 480 Band: 

For GSM 480, the system is required to operate in the following band: 
478,8 MHz to 486 MHz: mobile transmit, base receive; 
488,8 MHz to 496 MHz base transmit, mobile receive. 
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GSM 750 Band: 

For GSM 750, the system is required to operate in the following band: 
747 MHz to 762 MHz: base transmit, mobile receive; 
777 MHz to 792 MHz: mobile transmit, base receive. 

GSM 850 Band: 

For GSM 850, the system is required to operate in the following band: 
824 MHz to 849 MHz: mobile transmit, base receive; 
869 MHz to 894 MHz: base transmit, mobile receive. 

Moreover, several band pairing options for paired and unpaired frequency arrange- 
ments for IMT-2000 systems in bands identified by WARC-92 and WRC-2000 are 
possible. The following table provides a selection of these options and additionally 
proposes some further opportunities based on VDT as examples for planned fre- 
quency combinations: 





Gap (MHz) 


UETx 


Duplex Centre 


BS 


(MHz) 






separation (MHz) 






(MHz) 




Band I 


1920 - 1980 


130 


2110 - 2170 


190 


Band II 


1850 - 1910 


20 


1930 - 1990 


80 


Band III 


1710 - 1785 


20 


1805 - 1880 


95 


(*) 


1710 - 1755 


50 


1805 - 1850 


95 


(*) 


1755 - 1805 


305 


2110 - 2160 


355 


(*) 


1710 - 1770 


240 


2110 - 2170 


400 


(*) 


1920 - 1980 


520 


2500 - 2690 


Variable 


(*) 


1850 - 1910 


590 


2500 - 2690 


Variable 


(*) 


1710 - 1785 


715 


2500 - 2690 


Variable 


(*) 


1710 - 1770 


730 


2500 - 2690 


Variable 




2500 (2520) - x 


y*20 


z - (2670) 2690 


Variable 




x, y and z to are be defined 








z - (2670) 2690 


y*20 


2500 (2520) - x 


Variable 



x, y and z to are be defined (Reversed duplex direction) 



Combination of Bands (*) and Bands (**) are considered for future communications 
environments. Further, UU-R Resolution 225 from the World Radio Communication 
Conference 2000 (WRC-2000) states that bands 2500 - 2520 MHz and 2670 - 2690 
MHz (as identified for IMT-2000 and allocated to the mobile-satellite service (MSS)) 
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may be used for the satellite component of IMT-2000. However, depending on 
market developments it may be possible in the longer term for bands 2500 - 2520 
MHz and 2670 - 2690 MHz to be used by the terrestrial component of IMT-2000. 

Adaptive control for mixed GSM/( EX5PRS and W-CDMA communications 
within a shared frequency range 

The above-described implementation of mixed communications according to different 
communications standards by sharing communications resources according to one of 
the communications standards for communications according to different communi- 
cations standards offer several configuration options. Thus, e.g., different capacity 
levels for GSM/GPRS communications in an UMTS communications environment can 
be provided. However, if a possible configuration option is chosen, the resulting 
capacity characteristics for both communications environments (W-CDMA and 
GSM/GPRS)) are statically defined until a reconfiguration is carried out. 

The above-described mixed communications can be improved by employing an 
adaptive control method that allows a dynamic reconfiguration depending on the 
present capacity needs within the shared frequency band. Although, the following 
description of preferred embodiments refer to the above embodiment detailed in 
section "GSM/GPRS communications via an UMTS communications environment", the 
adaptive control can be implemented for any mixed communications according to 
different standards (see sections 'TDD communications via FDD frequencies in an 
UMTS communications environment", "FDD- GSM/(E)GPRS communications via TDD 
frequencies in an UMTS communications environment", 'TDD-GSM/ (E)GPRS commu- 
nications via FDD frequencies in an UMTS communications environment"). 

The basic idea is to actually use the mixed W-CDMA and GSM/GPRS communications 
on demand, i.e. only when communications capacity is currently required for both 
communications standards (here for W-CDMA and GSM/GPRS communications). In 
particular, the demand for communications capacity is checked for a geographical 
area in which both W-CDMA and GSM/GPRS communications are provided. Such an 
area can be defined as a geographical area covered by at least a GSM/GPRS cell 
carrier and an UMTS cell carrier which allow mixed communications within a shared 
frequency range. Following, such an area will be referred to by term "Mixed Traffic 
Cell" (MTC). 
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Based on the actual number of allocated and/or requested communications resources 
for both communications environments, a decision can be derived what kind of 
communications capacity shall be provided in the considered area. If, however, 
communications capacity in the considered area is only required by one of the 
communications environments, the mixed communications operation mode can be 
disabled and communications capacity would provide for the respective communica- 
tions environment. 

Considering an exemplary scenario shown in Fig. 18, each communications environ- 
ment uses its own dedicated frequency range fl and f2 and a frequency range f s 
shared by both communications environments. Then, the following communications 
operation modes can be chosen for the shared frequency range f s by configuring 
both communications environments accordingly: 

W-CDMA communications only 

GSM/(E)GPRS communications only 

Mixed W-CDMA and GSM/(E)GPRS communications 

Fig. 19 illustrates an embodiment with a 3-sector configuration served by synchro- 
nized radio base station (RBS) equipment SRE. There, two mixed communications 
cells are configured, here identified by names "Kista25a" and "Kista25b", respec- 
tively. 

In both communications cells "Kista25a" and "KistaZSb" dedicated frequency ranges 
fl and f2 and a frequency range f s can be used for W-CDMA communications and 
GSM/(E)GPRS communications or mixed W-CDMA and GSM/(E)GPRS communica- 
tions, respectively. 

The mixed communications cells are serviced by synchronized radio base station 
equipment SRE providing for communications in all three frequency ranges. The 
synchronized radio base station equipment SRE communicates for GSM/(E)GPRS 
communications with a respective base station controller BSC and packet control unit 
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PCU via respective communications link Abis. With respect to W-CDMA communica- 
tions, the synchronized radio base station equipment SRE communicates with a 
respective radio network controller RNC via a suitable communications link lub. For 
data and information communications between the base station controller/packet 
control unit BSC/PCU and the radio network controller RNC, the so-called lur-g 
interface as defined by the third generation partnership project by 3GPP™ can be 
used. 

An adaptive control of the level of mixed communications basically requires following 
implementations: 

Reporting of communications capacity demands or communications resource 
status of all cells and cell carriers belonging to one MTC. 

A control entity CE, which decides the level and mode of mixed communica- 
tions based on the reported figures. 

Configuration of RBS operation mode for the considered MTC according to the 
current decision made by the CE, including in particular setting-up communications 
operation mode in a shared frequency range of the MTC. 

For all of these tasks it must be known which cells and cell carriers belong to the 
same MTC. Therefore MTC identifications must be assigned, which are also used for 
identifying all cell/cell carrier related data. Fig. 20 shows a flowchart indicating 
activities for set-up and operation of a MTC in a communications network comprising 
the communications environments for which mixed communications are provided. 

In an initial stage, geographical areas, i.e. communications cells, wherein mixed 
communications shall be supported must be identified. For that purpose it is deter- 
mined which geographical area or cell is serviced by both W-CDMA communications 
and GSM/(E)GPRS communications. 

Then, each identified geographic area is assigned a unique identifier in order to 
perform control measures with respect to the mixed communications therein. Then, 
available mixed traffic cells MTCs are specified. 



WO 2004/057894 



PCT/EP2002/014603 



-33- 

During operation, i.e. current and/or planned communications in a MTC, communica- 
tions capacity demands for both W-CDMA communications and GSM/(E)GPRS com- 
munications are checked. In addition or as an alternative it is possible to check the 
current communications recourse status for both types of a communications, which is 
of particular advantage in case of control measures relating to expected/planned 
communications. Thusly obtained information are communicated to a control entity. 

The control entity decides, on the basis of the obtained information, which operation 
mode (see fig. 23) and/or which configuration (see fig. 24) shall be applied. In 
response to information provided by the control entity each radio base station 
equipment such as the synchronized radio base station equipment SRE shown in fig. 

19, servicing a MTC is operated and/or configured respectively. 

The steps (1), (2), (3) and (4) shown in Fig. 20 can be mapped on an interworking 
between nodes and functional entities as depicted in Fig. 21 a). 

To obtain information necessary to carry out the initial steps of step (1) shown in fig. 

20, an operator communicates with an operation and maintenance center OMC as 
regards GSM/(E)GPRS communications. Comparable thereto, the operator communi- 
cates with a radio access network operation support RANOS as regards W-CDMA 
communications. 

For carrying out steps (2) and (3) shown in fig. 20, the base station controller/packet 
control unit BSC/PCU and the radio network controller RNC communicate with a 
control entity CE to report communications capacities and/or communications re- 
source status (step (2)) and to obtain communications operation mode and/or 
configuration information resulting therefrom (step (3)). 

Then, the base station controller/packet control unit BSC/PCU and the radio network 
controller RNC communicate with its respective radio base station RBS for operating 
the same in line with the determined communications operation mode and/or con- 
figuration. 
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A possible implementation of the control entity CE and the data exchange to and 
from the control entity CE is shown Fig. 21 b). The control entity CE is realized in a 
distributed fashion in both BSC/PCU and RNC. The reporting of the capacity/resource 
figures of the "own" cells can thus be done internally. The capacity/resource figures 
from the "other cells" need to be transferred between the BSC/PCU and the RNC. For 
such an information exchange it is possible to use the so-called lur-g interface as 
defined by the third generation partnership project 3GPP™ (see 3GPP™ TR 43.930 ; 
V 0.2.1; lur-g interface; stage 2; release 5). 

Assuming the same algorithm is implemented in locally distributed parts of the 
control entity CE, the same input data can be provided to the BSC/PCU and RNC and 
adaptive control algorithms used therein, respectively. Thus, decisions in relation to a 
mixed communications operation can be made locally in the BSC/PCU and RNC. Also 
the configuration and scheduling of communications functions can be made locally in 
the BSC/PCU and the RNC for each respective RBS equipment based on outputs of its 
adaptive control algorithms. Advantageously, both the BSC/PCU and RNC use the 
same adaptive control algorithm. 

In order to reduce signaling and re-configurations and also to filter or average 
communications capacity demands over time, the control entity cycle time should not 
be too short. 

For example, a cycle time value in the order of minutes for the periodic activities 
seems to be reasonable. 

The task of the adaptive control algorithm is to dynamically determine the communi- 
cations operation mode for each MTC depending on the communications capacity 
needs in the considered geographical area. As shown in Fig. 18 and 19, a MTC 
includes dedicated frequency ranges for both communications environments covering 
the same geographical area. 

The levels of requested and/or allocated communications resources in the dedicated 
frequency ranges can be used as a measure for selecting communications operation 
modes for the corresponding shared frequency range within a MTC. Assuming a 
communications capacity limit is reached in the dedicated GSM/(E)GPRS frequency 
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range and in the dedicated W-CDMA frequency spectrum range is left, the shared 
frequency range in the MTC can be configured for GSM/(E)GPRS traffic only and vice 
versa. If, however, both dedicated frequency ranges are reaching their communica- 
tions capacity limits, the shared frequency range in the MTC is configured for mixed 
communications mode. 

Fig. 22 illustrates a traffic operation mode selection algorithm as a state machine. 
Parameters controlling the state transitions in accordance with Fig. 23 are: 

c w := capacity demand for W-CDMA communications 

Cq := capacity demand for GSM/(E)GPRS communications 

ci := maximal available communications capacity for W-CDMA communications 

c 2 := maximal available communications capacity for GSM/(E)GPRS communications 

ta - td := are suitable threshold values in order to limit reconfigurations 

Assuming a default configuration for W-CDMA communications is defined to be 

Cg < C2 + tc 

W-CDMA and GSM/(E)GPRS communications capacity is needed if c w > Ci + tb and Cg 
> c 2 + td is true and only W-CDMA communications capacity is needed if c w > ci + 
tb and cg < c 2 + tc is true. Further, if c w < ci + ta and cg > c 2 + td is true, then only 
GSM/(E)GPRS communications capacity is needed. 

The previous examples refer to communications capacities in form of, e.g., size of a 
shared range or frequencies thereof, hardware, software and the like. An improved 
adaptive control of mixed communications can be obtained by configuration of mixed 
communications as such, i.e. possible amount of transmission of GSM/(E)GPRS 
communications in an UMTS communications environment. As described above, a 
plurality of configuration options are possible for the W-CDMA transmission gap 
allowing different amount of GSM/(E)GPRS communications to be transmitted during 
W-CDMA transmission gaps. 
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For illustration only, the following configuration options referred to in Fig. 24 are 
considered: 

Configuration 1 (Conf. 1):= 2 frame structures GSM/(E)GPRS traffic every 

120ms 



Configuration 2 (Conf. 2):= 4 frame structures GSM/(E)GPRS traffic every 

120ms 



Configuration 3 (Conf. 3):= 6 frame structures GSM/(E)GPRS traffic every 

120ms 



Each of these configuration options offers a specific capacity trade-off between 
W-CDMA and GSM/(E)GPRS communications. This means that the state "mixed W- 
CDMA and GSM/(E)GPRS communications" in Fig. 22 can be further refined by 
choosing a suitable configuration depending on the capacity demands of both 
communications environments. 

Fig. 24 illustrates how parameters could be chosen for a refined communications 
mode selection algorithm. The strategy used in this example is to prioritize W-CDMA 
communications capacity demands, i.e. a re-configuration towards more 
GSM/(E)GPRS communications capacity (i.e. a longer W-CDMA transmission gap) is 
only done, if W-CDMA communications capacity demands can be satisfied with the 
new configuration as well. Thus Configuration 1 (which offers most W-CDMA com- 
munications capacity in a mixed communications mode) is dominating. 

For the above configurations, fig. 25 to 28 illustrate exemplary mappings of the 
TDMA frame structure shown in fig. 3 and the W-CDMA frame structure shown in fig. 
5 and 6. 
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For configuration 1 two possible mapping schemes are shown in fig. 25 and 26. Fig. 
25 illustrates mapping of two TDMA frame structures to a transmission gap every 
120 ms and Fig. 26 illustrates mapping of a single TDMA frame structure to a trans- 
mission gap every 60 ms. Thus, both mapping schemes provide for a GSM/(E)GPRS 
traffic of two frame structures every 120 ms. These mapping schemes can be 
obtained, e.g., by utilizing less and/or shorter transmission gaps. 

Possible mapping of the TDMA and W-CDMA frame structures for configuration 2 is 
shown in fig. 27 wherein two TDMA frame structures are mapped to a transmission 
gap every 60 ms. Here, the mapping scheme provides for a GSM/(E)GPRS traffic of 4 
frame structures every 120 ms. This mapping scheme can be compared with the 
mapping illustrated in fig. 9 to which it is referred therefore. 

Frame structure mapping for configuration 3 as illustrated in fig. 28 can be consid- 
ered as combination of the mapping schemes shown in fig. 26 and 27. Here, two 
TDMA frame structures are mapped to a transmission gap every 60 ms and a single 
TDMA frame structure is mapped to a transmission gap every 60 ms in alternate 
manner. Thus, that mapping scheme can be obtained, e.g., by utilizing more and/or 
longer transmission gaps and provides for a GSM/(E)GPRS traffic of 6 frame struc- 
tures every 120 ms. 

Resulting from such an adaptive control method, an optimized communications 
capacity sharing between communications environments such as GSM/(E)GPRS and 
W-CDMA based communications environments is possible. Further, communications 
capacity sharing exhibiting a dynamic behavior can be obtained. In particular, 
communications capacity in a shared frequency range is determined based on 
currently present communications capacity needs in both communications environ- 
ments. Further, any static configuration of compressed mode is avoided in the shared 
frequency range. Moreover, signaling between communications environment partici- 
pating a mixed communications mode, e.g. between radio base stations, can be 
implemented on the lur-g interface for which it might be helpful to add new mes- 
sages in the specification. 



